Stroke is a significant cause of mortality and morbidity worldwide accounting for approximately 5.5 million deaths and 44 million years lost to disability annually. 1 Research indicates that ischemic stroke accounts for 87% of stroke cases with up to 20-40% of these cases eligible for treatment with tissue plasminogen activator (tPA).
Acute inpatient care costs, medication, radiation, and laboratory costs are known to account for the majority of short term stroke costs, 8 however, inpatient rehabilitation has also been found to account for 8% of costs within the first 30 days, 8 and 27% of first-year costs 9 . Current studies assessing the costeffectiveness of tPA vary in their methods for managing the costs of inpatient rehabilitation post stroke. Rehabilitation costs have been included under direct costs, indirect costs, rehabilitation costs, inpatient hospital costs or not specified at all, and are typically presented as an average cost per patient based on functional status (e.g. dependent or independent). 6, 7, [10] [11] [12] [13] [14] [15] [16] [17] [18] [19] [20] [21] Regardless of how inpatient rehabilitation costs are captured, these studies only account for the differences in the proportion of patients utilizing inpatient rehabilitation and not the variation in rehabilitation length of stay (LOS). Consequently, no study to date has accurately assessed the effect of tPA on the cost of inpatient rehabilitation after stroke.
In a previously published study, our group reported that patients who received tPA demonstrated similar functional gains as clinically similar controls despite shorter average LOS in inpatient rehabilitation. 22 This finding suggested that tPA may contribute to cost savings during inpatient rehabilitation above those reported in the literature.
OBJECTIVE
The objective of this study was to estimate the value of these cost savings using published per diem estimates of post-stroke inpatient rehabilitation cost.
METHODS

Patients and Costs
All analyses performed in this study are based, in part, on data published in a previous study. Detailed information on the data source, patient sample and statistical analyses are described there. 22 Briefly, the sample consisted of 1962 patients from Ontario who presented to acute care with an ischemic stroke between July 1, 2003 and March 31, 2008, were admitted to inpatient rehabilitation, and were eligible for tPA. 22 A multivariable generalized linear model was used to estimate the average reduction in inpatient rehabilitation LOS (and confidence intervals) associated with acute tPA administration, adjusting for age, initial Canadian Neurological Scale (CNS) score, previous stroke, diabetes, and admission Functional Independence Measure (FIM®) score. 22 This adjusted measure of effect was used in the current calculations to estimate potential cost savings.
Per diem cost of inpatient rehabilitation in Canada was derived from the peer-reviewed literature and inflation adjusted to 2012 equivalents using Statistics Canada's consumer price index's health and personal care inflation rate.
Cost Savings and Sensitivity Analysis
To estimate the per-patient cost savings in inpatient rehabilitation among those who received tPA compared to clinically similar controls, the average reduction in inpatient rehabilitation LOS for patients who received tPA was multiplied by the average per diem cost of inpatient rehabilitation. Sensitivity analyses were performed using the 95% confidence interval (CI) for the difference in mean LOS.
RESULTS
Patients and Costs
Detailed patient demographics and multivariable analysis results are reported in the previous study. 22 A summary of relevant baseline demographic characteristics of the study sample are outlined in the Table (modified from Meyer et al 2012) 22 . The unadjusted inpatient rehabilitation LOS was 41 days for patients who received tPA and 39 days for patients who did not receive tPA. After controlling for age, baseline CNS, FIM ® on admission, diabetes, and history of stroke, patients who received tPA experienced an inpatient rehabilitation LOS that was 3.8% shorter on average (95% CI, 2.1% to 5.5%) than patients who did not receive tPA. 22 Only one Canadian per diem cost estimate for inpatient rehabilitation was located in the peer-reviewed literature. 23 
Cost Savings and Sensitivity Analysis
Using a mean LOS in inpatient rehabilitation for patients who did not receive tPA of 39.3 days, and an estimated, adjusted, 3.8% decrease in LOS for patients who did receive tPA, patients who received tPA were expected to spend an average of 1.5 fewer days (95% CI 0.8 days to 2.2 days) in inpatient rehabilitation. This equates to a cost savings of $939 per patient who received tPA compared to a clinically similar control. Sensitivity analysis varying the estimated decrease in LOS resulted in anticipated cost savings between $501 and $1377 per patient.
DISCUSSION
Using the average per diem cost derived from the literature and our previously calculated estimate for reduced rehabilitation LOS, we estimated that patients who received tPA and entered inpatient rehabilitation cost approximately $939 less than clinically similar controls who did not receive tPA. While our results confirm that tPA is a cost-effective treatment for stroke, the additional cost savings are important to note. Thrombolytic therapy is often criticized for its high costs in the short term. 6, 21 Previous cost-effectiveness studies are in favour of tPA, but only after considering long-term cost savings. Because inpatient rehabilitation is typically completed within the first six months post stroke, 12,24 our findings suggest that some cost savings associated with tPA may be realized earlier than previously thought.
Our objective was not to replicate the cost-effectiveness studies performed previously, but to refine a component of this information for future evaluations of tPA. Additional studies are necessary to validate the estimates generated here in other populations and regions. However, our results suggest that future cost-effectiveness studies of tPA should consider including the caveat of shortened inpatient rehabilitation stays in their models. These studies should also consider evaluating the impact of tPA on patient progress through other sectors (e.g. outpatient rehabilitation) to more accurately estimate long-term cost savings. More accurate evaluation of the long-term effects of tPA on patient outcomes and costs will help to provide a more complete picture of the impact of tPA.
Limitations
The only adjusted estimate of reduced LOS in inpatient rehabilitation after receiving tPA was our previously published estimate using Ontario data. Likewise, our cost estimate was derived from only one study. The per diem cost used here may not reflect the experience of other centres. Stroke care in Ontario is funded through a single payer model (Ontario Health Insurance Plan) and all providers are subject to the same accreditation program. Despite this uniformity, we were unable to control for differences between centres such as the availability of outpatient rehabilitation services and the rates of tPA use. Furthermore, some patient-specific variables, such as depression scores, presence of communication deficits, presence of a caregiver, and location of stroke, were not available for betweengroup comparisons. Our study also focused solely on patients admitted to inpatient rehabilitation and, therefore, did not seek to evaluate patients for whom the effect of tPA (positive or negative) precluded the need for inpatient rehabilitation.
CONCLUSIONS
The cost-effectiveness of tPA has been well documented previously. Ontario data suggest that during inpatient rehabilitation, patients who receive acute tPA experience additional cost savings that have not been reflected in previous cost-effectiveness analyses. Future studies may want to validate this finding in regions outside of Ontario, to update previous cost-effectiveness assessments, and to explore other modelling assumptions that may be overlooking cost savings associated with tPA.
